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Structural construction of hardeners 
with different hardening rates 
intended for geopolimer binder systems 
used for the preparation of moulding sands
Budowa strukturalna utwardzaczy o różnej szybkości utwardzania 
przeznaczonych dla spoiwa geopolimerowego 
stosowanego do sporządzania mas formierskich
Abstract 
The paper presents the results of structural investigations of hardeners with different hardening 
rate for geopolymer binder system Geopol, manufactured by the Sand-Team Company. Studies 
have shown that these hardeners have similar chemical structures and that the hardening rate 
of the binder depends on the proper selection of the proportions of the respective components.
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Streszczenie
W  artykule przedstawiono wyniki badań strukturalnych serii utwardzaczy o  różnej szybkości 
utwardzania przeznaczonych dla spoiwa geopolimerowego produkcji firmy Sand Team. Prze-
prowadzone badania wykazały, że utwardzacze mają zbliżoną strukturę chemiczną, a szybkość 
utwardzania zależy od doboru właściwych proporcji poszczególnych składników.  
Słowa kluczowe: geopolimer, utwardzacz, szybkość utwardzania, FTIR, badania strukturalne
1. Introduction 
In the foundry industry, many types of binders for molding and core sands are used. Pro-
ducers offer both organic and inorganic binders. Increasingly popular are binders based 
on geopolymers that can become an alternative to the water glass. These are inorganic 
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materials belonging to the group of alkali silicates, containing silicon, aluminium and 
alkaline elements such as sodium or potassium which play a stabilizing role. The Sand-
Team Company offers this product under the trade name Geopol. It is a colorless liquid 
that is basic (pH = 11–13) and of an amorphous structure, soluble in water. In the mould-
ing sand technology, the binder is based on an inorganic geopolymer and liquid harden-
ers. It is used for making moulds and cores for casting iron, steel, and non-ferrous metals 
from all available types of foundry sands.
According to the data obtained from the manufacturer as well as studies carried 
out by the authors of this publication, this Geopol binder is characterized by low emis-
sions of toxic compounds during the casting and knocking-out processes. Its primary 
advantage is the possibility of reusing up to 90% of its reclaim. The moulding sand with 
a geopolymer binder system is characterized by good knocking-out properties and sus-
ceptibility to mechanical reclamation. The available data indicates that, in the binder 
geopolymers (unlike water glass), the cause of destruction of the connection between 
grains and the binder is an adhesive. After hardening, the geopolymer obtains great 
strength, and by the action of the external load, it detracts an adhesive layer from the 
sand grain surface without affecting the continuity of the binder. Such behavior may 
be important during the reclamation process, since it is reflected in the significant im-
provement of the effectiveness of the mechanical reclamation process of the spent 
moulding sands [1–5].
A lot of research was carried out on the modification and improvement of inorganic 
binders as well as the effect of the curing method on the obtained properties of molding 
sands and the efficiency of activities [6, 7].
As mentioned above, the binder Geopol’s hardening occurs due to the addition of 
an appropriate amount of liquid hardener. In the manufacturer’s series, there are harden-
ers that allow for the regulation of the working time of molding sands as well as the hard-
ening time. The aim of this survey was to identify the relationship between the structural 
construction of the hardener and its ability to accelerate binder curing time. IR spectra 
analyses will also allow us to identify which group of compounds includes a hardener or 
its individual components. Based on the structural construction of hardeners, it will be 
possible to determine a relationship between the curing rate of the geopolymer and the 
hardener composition.
2. Materials, apparatus, and research methods
The series of five commercial hardeners (SA71–SA75) manufactured by the Sand-Team 
Company, dedicated to the geopolymer binder Geopol and used for the preparation of 
molding sands, were tested. According to the manufacturer, data hardeners have differ-
ent curing rates in the binder. The hardener SA71 causes the slowest curing rate of the 
binder, while SA75 causes the fastest. Figure 1 shows the allowable times of model re-
moval from the mold depending on the applied hardener.
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Fig. 1. Allowable times of model removal from the mold – in its dependence of the applied hardener [4]
The Excalibur 3000 FTIR spectrometer with a DTGS standard detector was used in 
the carried-out studies. Spectra were recorded in the range of 4000–400 cm−1, with a res-
olution power of 4 cm−1. The transmission technique was used in making samples. This 
involves the preparation of pellets of potassium bromide (KBr). A thin layer of the resin 
sample was applied to the pellet surface. The spectra for the sample in the fresh state 
(immediately after application) were recorded.
3. Results of investigations and their discussion 
Figure 1 shows the IR spectra of the investigated hardeners for the geopolymer binder in 
the wave-number range of 4000–400 cm−1.
The spectra of a series of hardeners can be identified by weak bands in the wave-
number range of 3700–3400 cm−1. Their occurrence indicates the presence of valence 
vibrations of OH bonds. It is difficult to indicate deformation vibrations of OH groups in 
the obtained spectra. Therefore, it can be assumed that these bands are associated with 
the first overtone vibrations of C=O bonds [8]. The characteristic band derived from the 
stretching vibration of  C–H bonds (CH2 or CH3) registered in the range of 3100–2900 cm−1 
can also be seen [9]. With the increase of the curing rate, its maximum moves towards 
the higher wave numbers.
To make a detailed structural analysis, the IR spectra of the investigated hardeners 
(in the wave-number range of 2000–400 cm−1) are shown in Figure 2.
The band at a wave number of about 1800 cm−1 is not observed in the spectrum of 
hardener SA 71 (the smallest curing rate). In the spectra of other hardeners (SA72–SA75), 
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this band is observed, and its intensity increases according to the following relation-
ship: the higher the hardening rate, the higher the intensity of the band. Its position sug-
gests that it is associated with the vibration of carbonyl bonds (C=O), probably from the 
ester groups in the compounds.
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Fig. 2. The IR spectra of the investigated hardeners, in the wave-number range of 4000–400 cm−1:
a) SA71; b) SA72; c) SA73; d) SA74; e) SA75
The absorption band at a wave number of 1744 cm−1 has the highest intensity among 
all of the bands in the spectrum. Just as discussed above, the band (1800 cm−1) is derived 
from the organic component and is associated with the carbonyl bond C=O vibrations 
(in esters) [9]. The band at 1373 cm−1 probably comes from the C–H deformation 
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vibrations [10]. The spectrum of hardener SA75 (the highest curing rate) extracts addi-
tional bands at 1387 and 1354 cm−1, which are also derived from C–H bond vibrations. 
It can be concluded with high probability that a strong band at wave number 1225 cm−1 
is related to C–O bond vibrations [10, 11]. For the bands at wave numbers 1225, 1183, 
1051, and 777 cm−1, an increase of the absorbed amount coincides with the hardener’s 
ability to accelerate the curing process. Their positions can suggest an association with 
C–H deformation vibration bonds and C–O stretching vibrations bonds [8, 12, 13].
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Fig. 3. The IR spectra of the investigated hardeners, in the wave number range of 2000–400 cm−1 
a) SA71; b) SA72; c) SA73; d) SA74; e) SA75
4. Summary
This study shows that hardeners for the geopolymer binder Geopol belong to the es-
ter groups. The slowest of them (SA71) is probably a  single-component material. 
The other hardeners (SA72–SA75) have the ability to accelerate the curing process of the 
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geopolymer binder by introducing an additional component. The location of the char-
acteristic bands suggests that they also belong to the ester group and the increases in 
the rate of curing depend on the proportion of components in the mixture. This study 
did not reveal structural bands indicative of the presence of other organic components.
5. Conclusions 
 The hardeners for the geopolymer binder have similar structural constructions.
 Based on the analysis of the obtained infrared spectra, it can be concluded that 
the hardeners belong to the ester group. Hardener SA 71 (the slowest) is probably 
a one-component material, while the others (SA72–SA75) are mixtures of two or 
more components - also from the group of esters.
 The curing rate control of the geopolymer binder Geopol is dependent on the quan-
tity ratio of individual components in the mixture of esters.
 The proper selection of the proportion between the hardener components allows 
for the smooth regulation of the curing rate, the provision of the required techno-
logical properties during the preparation of molding sand, and the maintenance 
of the recommended mechanical properties of the fi nished casting molds.
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